A thermotolerant, alkalitolerant, Gram-stain-negative and strictly aerobic bacterium, designated strain YIM 77974 T , was isolated from a geothermally heated soil sample collected at Rehai National Park, Tengchong, Yunnan province, south-west China. Cells of the strain were rodshaped and colonies were light brown and circular. The strain grew in the presence of 0-3 % (w/v) NaCl (optimum, 0-1 %) and at pH 7.0-10.0 (optimum, pH 8.0) and 30-55 6C (optimum, 45 6C). The only quinone was Q-8 and the genomic DNA G+C content was 68.3 mol%. Major fatty acids (.10 %) were iso-C 16 : 0 , iso-C 17 : 0 , iso-C 15 : 0 and iso-C 11 : 0 . The polar lipids consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, an unidentified aminophospholipid, three unidentified phospholipids and two unidentified polar lipids. On the basis of the morphological and chemotaxonomic characteristics as well as genotypic data, it is proposed that this strain should be classified as a representative of a novel genus and species, Rehaibacterium terrae gen. nov., sp. nov., in the family Xanthomonadaceae. The type strain is strain YIM 77974 T (5DSM 25897
The family Xanthomonadaceae belongs to the class Gammaproteobacteria and comprises 22 genera at the time of writing (http://www.bacterio.net/classifgenerafamilies.html). The genus Silanimonas was established by Lee et al. (2005) and it comprises two species with validly published names, Silanimonas lenta (type strain DSM 16282 T ) and Silanimonas mangrovi (type strain AK13 T ) (Srinivas et al., 2012) . During investigations of the thermophilic microbial resources at Rehai National Park, a novel thermotolerant strain, YIM 77974 T , was isolated. Phylogenetic trees analysis based on 16S rRNA gene sequences revealed that the strain YIM 77974 T was closely related to the species of the genus Silanimonas in the family Xanthomonadaceae. However it is clearly distinct from the members of the genus Silanimonas by high sequence divergence values and the significant differences of morphological and chemotaxonomic characteristics. In the present study, we report the results of a polyphasic taxonomic study of this thermotolerant strain YIM 77974 T .
Strain YIM 77974
T was isolated from a geothermally heated soil sample collected from Rehai National Park, Tengchong, Yunnan Province, south-west China (24.95002 u N 98.43742 u W), by using serial dilution. The geothermally heated soil sample was sandy, and the temperature and pH were 53 u C and 7.5, respectively. After 1 week of incubation on R2A agar medium (BD; Becton, Dickinson and Company) at 45 u C, colonies were picked and repeatedly restreaked onto R2A agar medium at 45 uC, until purity was confirmed. The purified strains were routinely cultivated and stored as aqueous glycerol suspensions (20 %, v/v) at 280 u C.
Cell morphology was determined with cultures grown for 6, 12, 24, 48 and 72 h on R2A agar at 45 u C. Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test method (Cerny, 1978) . Anaerobic growth was observed after incubation in an anaerobic chamber for 7 days at 45 uC on R2A plates. Morphological characteristics of the strain were observed by using light microscopy (model BH 2; Olympus). Growth 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain YIM 77974 T is KC999854.
temperature was tested at 4, 10, 20, 25, 30, 35, 45, 55 and 60 u C on R2A agar plate. For NaCl tolerance experiments, R2A medium was used as the basal medium with salt added at concentrations of 0, 1, 2, 3 and 4 % (w/v). The pH growth range was investigated between pH 4.0 and 11.0 at intervals of 1 pH unit, by using the buffer system described by Xu et al. (2005) T on the basis of several properties, including colony colour; range for growth temperature; range for growth pH, NaCl tolerance concentration; hydrolysis of starch, casein, tyrosine and Tween 80; enzyme activities of lipase C14, leucine arylamidase, cystine arylamidase, trypsin, acid phosphatase and b-glucosidase; acid production from glycerol, Darabinose, D-xylose, L-xylose, fructose, arbutin, maltose, lactose, sucrose, trehalose, raffinose and starch ( Table 2) .
Biomass of strains YIM 77974
T and Silanimonas lenta DSM 16282 T used for chemical studies was obtained from cultures grown in R2A agar medium for 3 days at 45 u C (except for cellular fatty acid analysis). Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979; Collins & Jones 1980) . Quinones were isolated as described by Collins et al. (1977) and separated by HPLC (Kroppenstedt, 1982) . Cells of strains YIM 77974 T and Silanimonas lenta DSM 16282 T used for cellular fatty acid analysis were harvested after 2 days growth on nutrient agar (NA; HIMEDIA) plates at 37 u C. Cellular fatty acid analysis was performed using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. ; 2, Silanimonas; 3, Thermomonas; 4, Luteimonas; 5, Pseudoxanthomonas; 6, Stenotrophomonas; 7, Xylella; 8, Xanthomonas; 9, Lysobacter. Data for strain YIM 77974 T were generated in this study; all other data are taken from previous studies (Srinivas et al., 2012; Busse et al., 2002; Kim et al., 2006; Tó th et al., 2001; Roh et al., 2008; Chou et al., 2008; Zhang et al., 2010; Park et al., 2011; Sun et al., 2012; Wu et al., 2013; Romanenko et al., 2013; Kumari et al., 2011; Wang et al., 2011; Lee et al., 2008; Young et al., 2007; Ramos et al., 2011; Lee et al., 2011; Finkmann et al., 2000; Vauterin et al., 1995 Vauterin et al., , 1996 Palleroni & Bradbury, 1993; Wells et al., 1987; Palleroni, 1984; Wei et al., 2012) . DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PME, phosphatidylethanolamine; PC, phosphatidylcholine. NA, Not available. Summed feature 3 comprises iso-C Rehaibacterium terrae gen. nov., sp. nov.
The fatty acid methyl esters were identified by using the Microbial Identification software package (Sherlock Version 6.1; MIDI database: TSBA6). The G+C content of genomic DNA was determined by using HPLC method of Mesbah et al. (1989) .
The polar lipids of strain YIM 77974 T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, an unidentified aminophospholipid, three unidentified phospholipids and two unidentified polar lipids. (Fig S2) . The quinone of the strain was Q-8. The G+C content of the genomic DNA of strain YIM 77974 T was 68.3 mol% ( Table 1 ). The major fatty acids (.10 %) of strain YIM 77974 T were iso-C 16 : 0 (21.14 %), iso-C 17 : 0 (20.69 %), iso-C 15 : 0 (18.87 %) and iso-C 11 : 0 (14.32 %) ( Table S1 ).
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene sequence were performed as described by Li et al. (2007) . The resulting 16S RNA gene sequence was compared with available 16S rRNA gene sequences of cultured species from GenBank via the BLAST program and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analyses were performed using three tree-making algorithms: neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch., 1971 ) methods by using the software package MEGA version 5.0 (Tamura et al., 2011 ). Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbourjoining method and maximum-likelihood method (Kimura, 1980) . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 resamplings.
The almost complete 16S rRNA gene sequence (1549 bp) for strain YIM 77974 T was obtained. By using the EzTaxon-e (Kim et al., 2012) the sequence similarities among the type strains of all other species studied were less than 94.9 %. The tree constructed by the neighbour-joining method showed that the novel isolate formed a cluster with Silanimonas lenta DSM 16282
T and Silanimonas mangrovi AK13 T with 86 % bootstrap support. This cluster was grouped into another larger compact cluster (74 % bootstrap value support) that was composed of members of the genera Thermomonas, Luteimonas, Pseudoxanthomonas, Stenotrophomonas, Xylella, Xanthomonas and Lysobacter (Fig. 1) . Similar results were obtained using the maximum-parsimony and maximumlikelihood algorithms (not shown). Although the novel isolate formed a stable clade with genus Silanimonas, the relatively high sequence divergence values (.5.9 %) showed that the isolate was distantly related to the described taxa.
Besides the phylogenetic analysis based on 16S rRNA gene sequences, strain YIM 77974 T was also clearly distinguished from other members of the family Xanthomonadaceae based on the polar lipid components, DNA G+C content and cellular fatty acid profile (Table 1 ). The presence of phosphatidylcholine was sufficient to distinguish the novel isolate from the closely related taxa including the genera Silanimonas, Thermomonas, Luteimonas, Pseudoxanthomonas, Stenotrophomonas, Xylella, Xanthomonas and Lysobacter (Table 1 ). The big difference (about 18-15 %) in the genomic DNA G+C content clearly distinguished strain YIM 77974 T (the G+C content of the genomic DNA was 68.3 mol%) from members of the genera Silanimonas and Xylella (Table  1) . Strain YIM 77974
T contained iso-branched fatty acids as the major fatty acids, this being similar to the corresponding data for the closely related taxa (except Xylella fastidiosa). The major hydroxyl fatty acid of strain is iso-C 11 : 0 3-OH, which is also similar to the corresponding data for the closely related taxa including the genera Silanimonas, Thermomonas, Luteimonas and Lysobacter, while it is different from that for the genera Stenotrophomonas, Xylella and Xanthomonas. Strain YIM 77974
T clusters with the genus Silanimonas in the phylogenetic trees, however it is clearly distinct from the genus Silanimonas by virtue of high sequence divergence 
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values and the significant differences in morphological and chemotaxonomic characteristics.
Therefore, we propose that strain YIM 77974 T should be considered to represent a novel species within a new genus, for which the name Rehaibacterium terrae gen. nov., sp. nov. is proposed.
Description of Rehaibacterium gen. nov.
Rehaibacterium (Re.hai.bac.te9ri.um. N.L. n. Rehaus Rehai referring to the isolation of the organism from Rehai National Park, Tengchong, Yunnan Province, south-west China; L. neut. n. bacterium a small rod; N.L. neut. n. Rehaibacterium a small rod from Rehai National Park).
Cells are Gram-stain-negative, strictly aerobic and rod shaped. Thermotolerant and alkalitolerant. Catalase-and oxidase-positive. Major respiratory quinone is Q-8. Phylogenetically, the genus is affiliated to the family Xanthomonadaceae. The type species is Rehaibacterium terrae.
Description of Rehaibacterium terrae sp. nov.
Rehaibacterium terrae (ter9rae. L. gen. n. terrae of the earth).
Gram-stain-negative, strictly aerobic and rod shaped, 0.15-0.25 mm wide and 1.0-4.0 mm long. Colonies grown on an R2A agar plate for 2 days are light brown and circular. Grows at 30-55 u C (optimum 45 u C); no growth occurs at 25 u C and 60 u C. The pH range for growth is 7.0-10.0 (optimum pH 8.0). Growth occurs in 0-3 % NaCl (w/v) (optimal 0-1 %) and no growth occurs in 4.0 % (w/v) NaCl. Oxidase-and catalase-positive. Degrades Tweens 20, 40 and 60, casein and tyrosine; but not Tween 80, starch or CM-cellulose. Positive for reduction of nitrate and gelatin hydrolysis; but negative for aesculin hydrolysis, production of indole, arginine dihydrolase and urease and acid production from glucose (API 20 NE test strips). Positive in tests for alkaline phosphatase, esterase C4, esterase lipase C8, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, leucine arylamidase, cystine arylamidase and trypsin; but not for lipase C14, a-galactosidase, b-galactosidase, b-glucosidase, b-glucuronidase, a-glucosidase, a-mannosidase, a-fucosidase and Nacetyl-b-glucosaminidase (API ZYM tests). Acids are produced from ribose, L-xylose, fructose, sorbose, aesculin, maltose and lactose; but not from glycerol, D-arabinose, Larabinose, D-xylose, adonitol, galactose, glucose, mannose, rhamnose, inositol, mannitol, sorbitol, arbutin, cellobiose, sucrose, trehalose, inulin, raffinose, starch or xylitol (API 50 CH tests). The only quinone is Q-8. Major fatty acids (.10 %) are iso-C 16 : 0 , iso-C 17 : 0 , iso-C 15 : 0 and iso-C 11 : 0 . The polar lipids consist of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, an unidentified aminophospholipid, three unidentified phospholipids and two unidentified polar lipids. Yunnan Province, south-west China. The DNA G+C content of the type strain is 68.3 mol%.
